A taxonomic revision of the genus Cephalotaxus is presented based on taxonomic literature, herbarium specimens and field work. We conclude the genus to contain seven species: C. oliveri, C. fortunei, C. griffithii, C. alpina, C. harringtonii, C. nana and C. hainanensis. We accept C. hainanensis and C. griffithii as separate species and not as synonyms of C. mannii, because type specimens of these taxa are not identical in the shape and size of the leaves. A key to all species, distribution maps and photographs of Cephalotaxus are also provided.
Introduction
The 'plum yews', Cephalotaxus Sieb. & Zucc. ex Endlicher (1842: 27) , form a small genus of conifers that occurs in eastern Asia, north of the Indo-Chinese peninsula (Fu 1984 , Lang et al. 2011a . The taxonomic history of Cephalotaxus was described in detail in an earlier paper by Lang et al. (2011a) . The genus was originally included in Taxaceae by Pilger (1903) , but Neger (1907) separated it into its own the family, Cephalotaxaceae. Cephalotaxus was generally considered to be the only genus within the Cephalotaxaceae, although some authors (e.g., Pilger 1926 , Phillips 1941 , Page in Kubitzki 1990 ) also included Amentotaxus Pilger (1916a: 41) in this family. However, recently, in the latest classification system of gymnosperms, Christenhusz et al. (2011) placed Cephalotaxus back into the Taxaceae where it appears taxonomically between Taxus and Amentotaxus (Table 1) . In this paper, we have follow the circumscription of Christenhusz et al. and place Cephalotaxus in the Taxaceae to prevent the uneccesary usage of two small segregate monogeneric families. Christenhusz et al. (2011). Since Endlicher (1842) published the name Cephalotaxus, over 70 names have been published in the genus (Appendix 1). However, there is still no general agreement on taxonomy, nor is there any monograph on Cephalotaxus available describing how many species should be accepted. Some controversial problems still exist in almost all taxa with the exception of the well-defined C. oliveri-this confusion has occurred because the key taxonomic characteristics of most species, such as stomatal band whiteness, length and shape of needles, bark colour, etc., generally intergrade morphologically. It is thus difficult to know how to identify individual plants, with differences of opinion coming from decisions of taxonomists in different countries (Lang et al. 2011a) . Generally, taxonomists from Japan and South Korea accept C. harringtonii (Knight ex Forbes 1839: 217) Koch (1873: 102) , C. harringtonii var. nana (Nakai 1919: 193) Rehder (1941: 569) and C. koreana Nakai (1930: 508) for Japan and South Korea (Ohwi 1965 , KPNC 2011 . Cephalotaxus wilsoniana Hayata (1914: 22) is endemic to Taiwan (Li & Keng 1994) . Chinese mainland taxonomists such as Fu et al. (1999a) argued that C. mannii Hooker (1886: 16) , C. griffithii Hooker (1888: 648) and C. hainanensis Li (1953: 164) should be synonymized and they considered C. fortunei Hooker (1850 : 76) var. concolor Franchet (1899 to be a synonym of C. fortunei; they also accept C. fortunei, C. fortunei var. alpina Li (1953: 164) , C. lanceolata K.M.Feng in Cheng et al. (1975: 86) , C. sinensis (Rehder & Wilson 1914: 3) Li (1953: 162) , C. latifolia W.C.Cheng & L.K. Fu ex Fu & Mill (1999b: 185) , C. mannii and C. oliveri to occur in China. Cephalotaxus mannii and C. griffithii were also considered to occur in India, Burma, Laos, Thailand and Vietnam (Fu 1984 , Hiêp & Vidal 1996 , Newman 2007 , Werner 1997 , Phengklai 1972 . Additionally, Silba (2007) published two subspecies known from Japan and Thailand, C. harringtonii subsp. hokkaidoensis Silba (2007: 9) and C. mannii subsp. thailandensis (Silba 2000: 22) Silba (2007: 13) . Two other taxa, C. harringtonii var. sphaeralis (Masters 1884 : 113, 1887 : 203) Rehder (1914 and C. sinensis f. globosa (Rehder & Wilson 1914: 3) Li (1953: 163) have rarely been cited by any taxonomists since their names were published. This introduction shows Cephalotaxus taxonomy remains particularly problematic, which we intend to address here.
Cephalotaxus species are not only used as garden plants for their beauty, but have traditionally been used as for building or wood carving material (Lang et al. 2011b) . Nowadays, Cephalotaxus is more important for medicinal purposes, because they contain alkaloids such as cephalotaxine esters and terpenoids, compounds that are only found in members of this genus. The anticarcinogenic potential is especially used in the treatment of leukaemia (Chu 1979 , Abdelkafi 2012 . Therefore, a good taxonomy is needed to know which species yield the best chemical compounds. A good taxonomy is the foundation that underpins all other botanical research and the correct names of plant material used in botanical studies is not known, these studies become useles. In a taxonomically difficult genus like Cephalotaxus, it is vital that the taxonomy is robust and will stand the test of time and will be reliable when using characters that are well-defined and easy to apply when identifying material. We have hereby tried our best to produce such a taxonomic treatment, based on taxonomic literature, herbarium specimens and field work. Cephalotaxus Sieb. & Zucc. ex Endlicher (1842: 27 (2006) is not mandatory unlike Articles. Moreover, there was no Code in force in 1842 so Endlicher could not have followed this Recommendation. At the time, it was common practice for authors to take up unpublished names from other works. So, in this paper, this wrong conclusion reached in Lang et al. (2011a, b) is fully retracted and revert to using the 1842 publication as being the first effective and valid publication of the name Cephalotaxus. Further more, the taxonomic treatment in Lang et al. is markedly different to the most recent treatment of the genus by Farjon (2010) , these differences are tabulated in the following Table 2 . Shrubs or small trees to 7 m tall; bark yellow to grayish brown. Leafy branchlets oblong-elliptic in outline, planar, 7-9 × 3.5-5.0 cm; leaves borne at 45-70° to branchlet axis; petioles ca. 0.5 mm. Blades linearlanceolate, straight or very slightly falcate, hard and leathery, strongly convex, 1.5-3.2 cm × 2.3-3.2 mm; midveins ca. 0.8-1.0 mm wide; stomatal bands on abaxial surface 0.8-1.0 mm wide, with 13-17 rows of stomata, as wide as midvein and marginal bands; marginal bands ca. 0.8 mm wide; bases shallowly cordate or cordate-truncate; margins flat, apices obtuse, shortly cuspidate. Pollen cone capitula axillary, borne on lower side and toward distal end of terminal branchlets; buds developing before the subtending leaves expand; microsporophylls 6-10, each with 3 or 4 pollen sacs. Seeds cones solitary, peduncle ca. 6 mm. Seeds obovoid, ovoid, or almost globose, 2.2-2.7 × 1.4-1.8 cm, apex with small mucro; mature fruits with aril separate from testa. Pollination March-April, seeds maturing August-October. Cotyledons 2, germination hypogeal. Iconography citation:- Cheng et al.(1978: 435) : plate 99, figures 3-7. Distribution and habitat:-Evergreen broad-leaved forests; 300-2300 m. CHINA: Yunnan, Sichuan (especially Emei Mountain), Chongqing, Guizhou, Hunan, Hubei, Jiangxi, Guangxi, Guangdong. (Figure 1 ).
Taxonomic treatment
Taxonomic notes:-This very distinct species can be identified by its leaves with a cordate-truncate base with margins in contact with each other, by its mature fruits with the aril separate from the testa, and by its cotyledons being retained in the soil when the seeds germinate (Ye 1993, and personal observation) . This species is said to also grow in Laos and Vietnam (Fu 1984 , Newman et al. 2007 , but no specimens were cited to support this. Hiep & Vidal (1996) recorded only one species of Cephalotaxus from Laos and Vietnam, which they called C. mannii. In their treatment of C. mannii they included Indo-Chinese specimens that had previously been named as 'C. oliveri' as synonym and suggested that the name C. oliveri had been misapplied to C. mannii from Indo-China. However, we checked specimens of Vietnam (deposited in P: M. Poilane 17284, 18906, 26613, 10266, 13622, 30090, 13543, 32914, 35983, 24049, 24056, M. Balansa 4201, A. Chevalier 40374, M. Jacquet 619) cited by Hiep & Vidal (1996) to study which taxon was treated as C. mannii, and found that none of these specimens are C. oliveri, but some specimens (M. Cheng et al. (1975: 86) , nom. illeg. non hort. ex Beißner (1901: 73-74 & 117) .
Cephalotaxus fortunei var. lanceolata (K.M.Feng) Silba (1990: 27 Trees to 20 m tall; trunk to 40 cm dbh; bark purple, smooth; branches pendulous. Leafy branchlets resembling 2 adjacent parallelograms in outline, broadly 'V'-shaped in cross section, apex abruptly truncate; leaves spreading horizontally at ca. 45° to branchlet axis; petiole very short. Blades dark green adaxially, lanceolate or linear-lanceolate, distally tapered, straight or slightly falcate, 4.5-10.0 cm × 4-7 mm, thin textured and leathery; abaxial stomatal bands white, bases rounded; margins revolute; apices long acuminate. Pollen cone capitula axillary, solitary, each of 6 or 11 cones, 3-7 mm in diam., peduncle ca. 3-6 mm with several spirally arranged scales; microsporophylls 6-13, each with 2-4 pollen sacs. Seeds cones with peduncle 1.5-2 cm long at maturity; aril turning greenish brown when ripe. Seeds obovoid-ellipsoid, 3.5-4.5 cm long, maturing September-November. Iconography citation:- Cheng et al. (1978: 425) Taxonomic notes:-Feng characterized C. lanceolata in a paper of Cheng et al. (1975) as having lanceolate leaves with rounded bases and it can be distinguished from C. fortunei Hooker (1850: 76) on the basis of its wider, thinner needles with sharper acute apices. Later, Silba (1990) treated C. lanceolata as C. fortunei var. lanceolata. Unfortunately, C. lanceolata is an illegitimate name, a later homonym of the name C. lanceolata hort. ex Beißner (1901: 73-74 & 117) , according to Art. 53.1 and Art. 45.3 of the Vienna Code (McNeill et al. 2006) . However, one of the syntypes of C. griffithii (Figure 3 ) and the holotype of C. lanceolata (Figure 4) are identical in the shape and size of their leaves and in the other essential characters which Feng used to distinguish his species. So the earlier specific name C. griffithii should be adopted. Hu (1964) regarded C. griffithii as a synonym of C. harringtonii and Fu (1984) , Hiêp & Vidal (1996) , Fu et al. (1999a) and Farjon (2010) treated C. griffithii as a synonym of C. mannii, but the type specimens of C. griffithii (Figure 3) , C. harringtonii ( Figure 13 ) and C. mannii (Figure 16 ) are here compared, indicating that C. griffithii should be maintained as a distinct species, because it has lanceolate leaves with rounded bases unlike C. mannii and C. harringtonii that lack this characteristic. 
County, no date, R. P. Farges s.n. (P! (includes 5 little branches), isolectotypes E-00465207!, E-00465208!, K-000552830!, P! (includes 3 little branches)).
Trees to 20 m tall; trunk to 30 cm or more dbh.; bark dark reddish brown, peeling in strips. Leafy branchlets obovate, obtriangular or rectangular in outline, planar or drooping, 4-21 × 3-20 cm; leaves borne at 30-110° to branchlet axis; petioles 0.5-2.0 mm. Blades deep green and glossy adaxially, linear-lanceolate, distally gradually attenuate, falcate or straight, flat, 1.5-16.0 cm × 1.5-7.5 mm, leathery but usually rather soft and flexible; midvein 0.2-0.5 mm wide abaxially; stomatal bands 0.8-2.2 mm wide, usually with 13-24 rows of stomata, 2-5 × as wide as midvein; marginal bands 0.1-0.4 mm wide; bases cuneate or shortly attenuate, asymmetrical; margins flat or very narrowly revolute when dry; apices cuspidate, cusp 0.5-2.0 mm, often breaking off. Pollen cone capitula of 6-14 cones, distinctly pedunculate (peduncle 2-8 mm), globose, 6-10 mm in diam.; bracts ovate, ca. 2.0 × 2.5 mm, margin entire or erose, apex acute; microsporophylls 6-16, each with 3 or 4 pollen sacs. Seed cones borne 3-10 together, peduncle 3-12 mm; seed scales ca. 1.5 mm; aril yellow or green initially, turning purple when ripe. Seeds ellipsoid, 1.3-2.4 × 0.7-1.4 cm. Pollination April-May, seeds maturing June-October. Iconography citation:- Cheng et al. (1978: 425) : plate 96, figures 2-6.
Distribution and habitat:-Mixed, coniferous, and broad-leaved forests, thickets, roadsides; 200-3000 m. CHINA: Yunnan, Sichuan, Chongqing, Shaanxi, Guizhou, Guangdong, Guangxi, Fujian, Jiangxi, Zhejiang, Anhui, Henan, Hunan, Hubei; perhaps BURMA and LAOS. (Figure 2 ).
Taxonomic notes:-As discussed by Lang et al. (2011b) , the specific epithet of this species, 'fortuni', should be corrected as 'fortunei'. We accept the treatment of C. fortunei var. concolor (Figure 6) as asynonym of C. fortunei ( Figure 5 ) as done in the Flora of China by Fu et al. (1999a) . This species is endemic to China according to a literature review. However, it is said that it also occurs in Burma and Laos (Kress et al. 2003 , Farjon 2010 ), but we have not seen any specimens from there. Cephalotaxus fortunei is similar to C. alpina in general appearance but can be distinguished by its larger, linear or lanceolate-linear leaves with a cuneate or broadly cuneate base; leaves are usually pendulous or horizontal, 3.5-7.5 mm wide, up to 16 (4-16) long; it can also be distinguished by its 1.4-2.8 cm long, 0.9-1.5 cm wide, 0.6-1cm thick seeds, with a width to thickness ratio 1.26-1.97, and by male cones of 6-8 mm long.
Representative specimens:-CHINA. Evergreen shrubs or small trees, 2-13 m high. Trunk to 10-20 cm or more dbh; bark dark reddish brown, peeling in strips. Leaves 1.5-13.0 cm (mean ca. 8cm) long, 2.0-3.5 mm (mean ca. 3mm) wide, borne at 40-70° to branchlet axis, upward 'V'-shaped in cross usually. Pollen cones sessile or subsessile, peduncles 0-2 mm; aril with prominent longitudinal ridges. Seeds ellipsoid, 1.2-2.3 cm long, 0.7-1.2 mm wide and 0.7-1.0 mm thick. Pollination March-May, seeds maturing September-November.
Iconography citation:- Lang et al. (2011a: 505) : Appendix-plant pictures of Cephalotaxus: C. alpina. Distribution and habitat:-Mixed forests, thickets by streams; ca. 1800-3700 m. CHINA: S Gansu, N and W Sichuan, W and N Yunnan. (Figure 1 ).
PHOTO 4. Cephalotaxus alpina.
Taxonomic notes:-This species superficially resembles C. fortunei. Lang et al. (2012) compared morphology of seeds and leaves of C. fortunei to C. alpina and suggested the width/thickness ratio of seeds as well as leaf width of C. alpina and C. fortunei being highly significant differences. These differences do not intergrade and can be used to clearly distinguish C. alpina from C. fortunei at the population level. Cephalotaxus alpina differs also from C. fortunei by its sessile pollen cones, which may be subsessile with a peduncle 0-2 mm long, while male strobili of C. fortunei were distinctly pedunculate with peduncles 2-8 mm long. These differences suggest C. fortunei var. alpina should be elevated to species rank. Additionally the Shrubs or small trees to 4 m tall; bark grayish brown; branches stout. Leafy branchlets oblong in outline, planar, 5.5-9.0 × 4-5 cm; leaves borne at 60-85° to branchlet axis, sessile but decurrent for whole length of internode. Blades dark olive green adaxially, linear, straight, 1.6-3.0 cm × 2.8-7.0 mm, thick and leathery; midveins raised adaxially and bordered on each side by a paler, longitudinal channel, strongly raised abaxially, 0.25-0.50 mm wide; stomatal bands white, 0.8-1.0 mm wide, with 11-15 rows of stomata, ca. 2-3 × as wide as midvein; marginal bands green, ca. 0.3 mm wide; bases cuneate or round, slightly asymmetrical; margins flat (slightly revolute when dry), apices abruptly mucronate, mucro 0.2-0.4 mm. Pollen cone capitula axillary on lower side of branchlet axis; peduncle 1.5-2.5 mm, scaly; bracts ca. 9, ovate, in 4 rows; apical bracts ca. 0.7 × 0.3 mm, apex mucronate. Seeds cones borne 2-8 together, peduncle 2-4 mm. Seeds obovoid, 1.8-2.0 cm, apex with small mucro at center. Pollination May, seeds maturing September-November.
Iconography citation:- Cheng et al. (1978: 431) : plate 98, figures 2-3. Distribution and habitat:-Thickets in mountainous areas; 200-2500 m. CHINA: Sichuan, Chongqing, Guizhou, Guangxi, Hubei, Hunan, Fujian; JAPAN; SOUTH KOREA (Figure 2 ).
PHOTO 5. Cephalotaxus nana.
Taxonomic notes:-According to Fu et al. (1999 Fu et al. ( ) the 1975 Fu et al. ( and 1984 synonyms C. sinensis var. latifolia and C. latifolia were not validly published, because both male and female type specimens were cited in the 1975 and 1984 publications. Also, Rehder & Wilson (1914) in the protologue of C. drupacea var. sinensis f. globosa mentioned that it may prove to be identical to C. pedunculata var. sphaeralis Masters (1884 Masters ( : 113, 1887 , but no further comments can be made. Nevertheless, a syntype of C. nana (Figure 9 ) is similar to C. latifolia (Figure 10 ), C. drupacea var. sinensis f. globosa (Figure 11 ), C. harringtonii subsp. hokkaidoensis (Figure 12 ) and C. koreana (Figure 13 ) in the shape and size of the leaves and they are all shrubs 1-4 m high with the leaf apices often convex acuminate or acute, bases rounded, leaves 2.5-3.5 cm long, 3.5-6.0 mm wide, which can be easily distinguished from the other taxa of Cephalotaxus. Therefore, in the present paper C. drupacea var. sinensis f. globosa and the later taxa (C. nana var. astringens, C. koreana, C. latifolia and C. harringtonii subsp. hokkaidoensis,) are hereby synonymized with C. nana. Cephalotaxus mannii Hooker (1886 Hooker ( : t. 1523 Rehder & Wilson in Sargent (1914: 3) . Cephalotaxus harringtonii var. sinensis (Rehder & Wilson) Rehder (1941: 569) . Cephalotaxus sinensis (Rehder & Wilson) Li (1953: 162 Hayata (1914: 22) . Cephalotaxus harringtonii var. wilsoniana (Hayata) Kitamura (1974: 9) .
Cephalotaxus sinensis var. wilsoniana (Hayata) Fu & Li (1997: 263) . Cephalotaxus sinensis subsp. wilsoniana (Hayata) Silba (2007: 18) . Type: TAIWAN. Alisan (Ali Mountain), September 1912, K. Uyematsu 18 (holotype TI!). Cephalotaxus pedunculata var. sphaeralis Masters (1884 Masters ( : 113, 1887 . Cephalotaxus drupacea var. harringtonii f.
sphaeralis (Masters) Pilger (1903: 103) . C. harringtonii var. sphaeralis (Masters) Rehder (1914: 716) . C. drupacea var. sphaeralis (Masters) Pilger (1916b: 22 Trees to 10(-16) m tall; trunk to 30-60 cm dbh; bark reddish, gray or grayish brown. Leafy branchlets elliptic, oblong, or more usually obovate-rectangular in outline, planar, 6-19 × 4-10 cm; leaves borne perpendicular to branchlet axis or directed forward at 45-95°, petioles 0-2 mm. Blades green adaxially, linear or linearlanceolate, parallel sided almost throughout length and tapered from near apex only, or tapered from point above middle of blade but well below apex, straight or very slightly falcate, flat, 1-8 cm × 2.0-4.5 mm, 7-10 × as long as wide, leathery but relatively soft; midveins 0.2-0.6 mm wide abaxially; stomatal bands white, 0.8-1.2 mm wide, 2-4 × as wide as midvein; marginal bands 0.1-0.3 mm wide; bases cuneate or roundedcuneate, symmetrical or very slightly asymmetrical; margins narrowly revolute, apices acute and shortly mucronate to long acuminate. Pollen cone capitula globose, 4-7 mm in diam., each of 6 or 7 pinkish brown cones; peduncle ca. 3 mm, naked except at apex; microsporophylls 4-11, each with 2-4 pollen sacs. Seed cones solitary, or borne 2-10 together, peduncle 3-8 mm; seed scales grayish green, ovate, apex shortly cuspidate; aril red or reddish purple when ripe, with 6 prominent, longitudinal ridges. Seeds ovoid or obovoid to ellipsoid, 1.8-2.5 × 0.9-1.2 cm, apex mucronate or cuspidate. Pollination March-June, seeds maturin June-November.
Iconography citation:- Cheng et al. (1978: 431) : plate 98, figure 1; Li & Keng (1994: 556) Taxonomic notes:-Cephalotaxus harringtonii (Figure 14) , C. drupacea (Figure 15 ), C. pedunculata (Figure 16 ), C. mannii (Figure 17 ), C. drupacea var. sinensis (Figure 18 ), C. wilsoniana (Figure 19 ) and C. pedunculata var. sphaeralis (Figure 20 ) are difficult to distinguish and based on specimens collected in Malaysia, Japan, India, China and Taiwan. In the past, these taxa were identified mainly by their geographic distribution, often delimited by political boundaries. However, type specimens or original illustrations of C. harringtonii, C. drupacea, C. pedunculata, C. mannii, C. drupacea var. sinensis, C. wilsoniana and C. pedunculata var. sphaeralis are extremely similar in leaf shape and size, strongly suggesting that these taxa all represent one and the same species and so they are synonymized under the earliest epithet available for this species: C. harringtonii. The original epithet, 'harringtonia', has an improper Latin termination that should be corrected as 'harringtonii', according to Article 60.7, Ex.15 of the ICBN (McNeill et al. 2006) . Hiêp & Vidal (1996) treated Indo-Chinese specimens of C. harringtonii under C. mannii, the only species they recognized for Laos and Vietnam. We do not agree with Hiêp & Vidal, but Trees to 20 m tall; trunk to 20-50 cm dbh; bark light brown to reddish brown, flaking off. Leafy branchlets elliptic or oblong-elliptic in outline, 7-25 × 4-10 cm, about 1/2 as wide as long; leaves borne at 50-85° to branchlet axis; petiole absent or 0.3-0.5 mm. Blades dark green or shiny olive green adaxially, linear or linearlanceolate, usually straight, occasionally slightly falcate, flat, 1.5-4.0 cm × 2.5-4.0 mm, leathery or relatively thin; midvein prominent adaxially, 0.2-0.3 mm wide abaxially; stomatal bands white or bluish white, often indistinct and green when dry, 0.7-1.6 mm wide, with 19-26 rows of stomata, 2-8 × as wide as midvein; marginal bands 0.1-0.3 mm wide; bases very broadly obtuse or obtusely truncate, symmetrical or not; margins narrowly revolute; apices cuspidate, or abruptly and very shortly mucronate. Pollen cones borne 5-8 together, pale yellow, globose, 4.0-4.5 mm in diam., peduncle 1-5 mm, usually with at least 10 bracts; microsporophylls 7-13, each with 3 or 4 pollen sacs. Seed cones solitary or borne 2-8 together, peduncle 6-10 mm; aril green initially, turning red when ripe. Seeds obovoid-ellipsoid or obovoid, sometimes laterally
